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Assistant Commissioner for Patents 
Washington, D.C. 20231 


Sir: 

TTRCTARATION UN DF.R 37 CFR 1.132 
I, the undersigned, Yoshikichi TERAMOTO, hereby declare as follows: 

1. I am a citizen of Japan and a resident of 1807-2-409 Arakawaoki, 
Ami-machi, Inashiki-gun, Ibaraki-ken 300-1151 Japan. 

2. In March 1977, 1 received my Bachelor of Engineering degree in 
Applied Physics from the Faculty of Engineering of Hokkaido University. 

3. Since April 1992, 1 have been employed at Kureha Kagaku Kogyo 
Kabushiki Kaisha (also known as Kureha Chemical Industry Company, Limited) 
and have conducted research and development in the filed of, among others, 
physical (electrical and mechanical) properties, microtexture and processing of 
vinyiidene fluoride polymerBi and physical properties and processing of functional 
films, such as those of vinyiidene fluoride polymers, polyphenylene sulfide and 
polyethylene terephthalate, in Nishiki Research Laboratories and Resin Processing 
Technology Center of Kureha Kagaku Kogyo Kabushiki Kaisha. 

I have published a paper entitled "ROTATION OF POLAR AXIS OF 0 
•FORM PVDF UNDER HIGH ELECTRIC FIELD" in Ferroelectrics, 1984, Vol.57, 
pp.139-149. 

I am an inventor of U.S. Patents Nos. 4,731,288; 4,592,949! 5514461; and 
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5,833,070, in the field of physical properties and processing of functional polymers 
including vinylidene fluoride polymers. 

4. I am not one of the applicants of the application S.N. 09/582,432 
(hereinafter referred to as the instant application). However, I have read 
carefully the specification and claims which constitute the instant application. 
Accordingly, 1 am now familiar with the specification and claims of the instant 
application. 

5. Moreover, I have read carefully and I am familiar with the Official 
Action dated September 11, 2002, which action rejected Claims 1 and 3 9 of the 
instant application. I have read carefully and I am familiar with several 
references, inclusive of W098/38687, Mitchell et al (US 6,077,624), US 6,284,412 
(equivalent to W097/18596, hereinafter referred to as "US f 412 , 0. The substance 
of the Examiner's rejection of Claims 1, and 3*9, according to one reason, is 
believed to be based on the conclusion that Claims 1 and 3-9 are anticipated by or, 
in the alternative obvious over US '412 (Section 5 on pages 5 to 7 of the Official 
Action). 

6. I was asked by Mr. Takumi KATSURAO, a first named inventor of the 
instant application, as to whether I believed that US'412 substantially discloses a 
vinylidene fluoride polymer having a high molecular weight comparable to that of 
the instant application, i.e., 500,000 or higher represented by an inherent viscosity 
of 1.7 or higher. I said, "Definitely no." 

This was because I knew that such a high- molecular weight vinylidene fluoride 
polymer cannot be extruded into sheets at moderate extrusion temperatures, 
whereas US'412 discloses extrusion of the vinylidene fluoride polymer at 230*0 
into a 150 fi m-thick sheet (col.26, lines 56-62). For corroborating this fact, I made, 
under my direction and control, conducted tests of extruding polyvinyliden 
fluorides (PVDF) having inherent viscosities ( n inh) of 1.10 (corr. to Mw 
(weight average molecular weight) of ca,290,000) and 1.30 (corr. to Mw= Ca. 
350,000) through a 50 mnrdia. single screw extruder equipped with a 700 
mnvwide T*die having a rip clearance of 0.3*1.2 mm. 

The extrusion tests resulted in the following experimental data. 
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PVDF 

Die 

Re sin press. 

Current 

Extruded sheet 

Take -up roll 
speed 

7?inh Mw(X10«) 

tempOC) 

(kg/cm*) 

(amp) 

thickness(u m) 

Gn/min) 

1.10 29 

240 

267 

20 

160 

2.15 

1.30 35 

265 

388 

26 

440 

0.8 


From the results shown in the above, it will be readily understood that an increase 
in n inh of 1.10 to 1.30 (Mw of 290,000 to 350,000) caused substantially severer 
extrusion conditions. Accordingly, I estimate that the vinylidene fluoride polymer 
extruded at 230*C into sheets of 150 Urn (Example l) or 50 H m(Example 2) of US 
•412 had molecular weights of 300,000 to 350,000 ( V inh=l.l0 to 1.30) at the most. 
Further to say, it is true that copolymeri2ation of vinylidene fluoride with 
hexafluoroproylene has a tendency of lowering the melt viscosity and accordingly 
alleviates the extrusion conditions to some extent, but only 5 wt.% inclusion of 
hexafluoropropylene with the remainder of vinylidene fluoride in no way allows a 
substantial increase of molecular weights of the resultant vinylidene 
fluoride/hexafluoropropylene (5 wt.%) copolymer for extrusion thereof as in US*412. 

I further declare that all statements made herein of my own knowledge are 
true and that aU statements made on information and belief are believed to be true, 
and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or any patent issuing 
thereon. 


Dated: February 14, 2003 


Yoshikichi TERAMOTO 
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SUBMISSION OF EXECUTED RULE 132 DECLARATION 

Assistant Commissioner for Patents, 
Washington, D C. 

Sir: 

Referring to the footnote on page 4 of the Amendment filed February 1 1 , 2003, the executed 
Rule 132 Declaration is submitted herewith. 

Respectfully submitted, 
Takumi KATSURAO et al. 
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Attorney for Applicants 
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Washington, D C. 20006-1021 
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I, Yukio ENDO, a Japanese Patent Attorney registered 


No. 7775 having my Business Office at Miyata Bldg., 2F, 17-16, 
Nishi-Shimbashi 1-chome, Minato-ku, Tokyo, Japan, solemnly 
and sincerely declare: 

That I have a thorough knowledge of Japanese and 
English languages; and 

That the attached pages contain a correct translation 
into English of the specification of the following Japanese 
Application, a copy of which is attached hereto: 
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[ DOCUMENT] 

POLYMER ELECTROLYTE 
AND NONAQUEOUS BATTERY CONTAINING THE SAME 
[CLAIMS] 

1. A polymer electrolyte, comprising: a 
vinyl idene fluoride copolymer and a nonaqueous 
electrolytic solution, wherein the vinyl Idene fluoride 
copolymer comprises 80 to 97 wt. % of vinyl idene 
fluoride monomer units and 3 to 20 wt. % of units of 
at least one monomer copolymer i zabl e with vinylidene 
fluoride monomer and has an inherent viscosity of 1.5 
to 10 dl/g. 

2. A polymer electrolyte, comprising: a 
vinylidene fluoride copolymer and a nonaqueous 
electrolytic solution, wherein the vinylidene fluoride 
copolymer comprises 80 to 97 wt . % of vinylidene 
fluoride monomer units and 3 to 20 wt, % in total units 
of hexaf luoropropy lene monomer and t r i f luo rochloro- 
ethy lene monomer . 

3. A polymer electrolyte according to any one of 
Claims 1 to 2, which contains 50 - 85 wt. % of the 
nonaqueous e 1 ec t ro I y t i c so 1 u t i on . 

4. A polymer electrolyte according to Claim 1, 
wherein the vinylidene fluoride copolymer forming the 
polymer electrolyte 3 is crossl inked. 
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5. A polymer electrolyte according to Claim 4, 
wherein the vinylidene fluoride copolymer is 
crosslinked in the presence of a crosslinking agent 
selected from polyamines, polyols and polymer izab Le 
crosslinking agents having an unsaturated bond, and a 
radical generating agent. 

6. A polymer electrolyte according to Claim 4, 
wherein the vinylidene fluoride copolymer is 
crosslinked by irradiation with electron rays or gamma 
rays . 

7. A nonaqueous battery, comprising: a positive 
electrode comprising a positive electrode material 
capable of being doped with and liberating lithium, a 
negative electrode comprising a negative electrode 
material similarly capable of being doped with and 
liberating lithium or metallic lithium, and a polymer 
electrolyte according to any of Claims 1-6 between 
the positive electrode and the negative electrode. 
[DETAILED DESCRIPTION OF THE INVENTION] 

[0001 ] 

[Technical field of the invention] 

The present invention relates to a nonaqueous 
battery, particularly a lithium ion battery, and a 
nonaqueous ba t t e ry con t a i ni ng t he e 1 ec t ro 1 y t e . 
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[0002] 
[Prior ar t ] 

The development of electronic technology in 
recent years is remarkable, and various apparatus and 
devices have been reduced in size and weight. 
Accompanying the reduction in size and weight of such 
electronic apparatus and devices, there has been a 
remarkably increasing demand for reduction in size and 
weight of a battery as a power supply for such 
electronic apparatus and devices. As a battery 
capable of providing a large energy at small volume 
and weight, a nonaqueous secondary battery using 
lithium has been used as a power source for 
principally small-sized electronic appliances, such as 
portable telephone sets, personal computers and video 
cam coders, used at home. For the purpose of 
providing the lithium nonaqueous secondary battery 
with increased shape latitude, e.g., formation into a 
very small thickness on the order of 0.5 mm, extensive 
development work has been made on polymer electrolyte 
batteries . 
[0003] 

A polymer electrolyte containing no 
electrolytic solution hardly satisfies properties 
required for application to batteries because of. 
e.g.. low ionic conductivity and small battery 
discharge capacity. In contrast thereto, a polymer 
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gel electrolyte containing electrolytic solution has 
called an attention because of a high ionic 
conductivity. As such a polymer electrolyte. U.S. 
Patent No. 5,296,318 has reported a polymer 
electrolyte using a copolymer of vinylidene fluoride 
with 8 to 25 wt . % of hexa f luoropropy lene . Further, 
as a technique for impregnating the copolymer with an 
increased amount of electrolytic solution, U.S. Patent 
No. 5,456,000 has disclosed a technique of mixing the 
copolymer with a plasticizer, then extracting the 
plasticizer and then effecting the impregnation with a 
nonaqueous electrolytic solution. According to this 
technique, it is possible to effect the impregnation 
with a large amount of electrolytic solution, but such 
impregnation with a large amount of electrolytic 
solution is accompanied with a problem of losing a 
shape latitude, such as the formation into a very 
small thickness. Further, as the technique 
essentially involves a step of extracting the 
plasticizer, the productivity becomes inferior. 
Further, complete extraction of a plasticizer is 
difficult, and a portion of the plasticizer remaining 
in the polymer electrolyte is liable to exert an 
adverse effect to the battery prepared by using the 
e 1 ec t ro 1 y te . 
[ 0004 1 

In order to obtain a polymer electrolyte 


battery having a high shape latitude, it is essential 
to provide a polymer gel electrolyte capable of 
containing a large amount of electrolytic solution so 
as to enhance the ionic conductivity and yet 
exhibiting a large strength. However, the strength of 
a gel is lowered at a larger content of electrolytic 
solution, so that it has been impossible to satisfy a 
gel strength and a content of electrolytic solution in 
combination, and no polymer gel electrolyte suitable 
for providing a polymer electrolyte battery having a 
high shape latitude has been known. 
[0005] 

In order to increase the gel strength, it is 
considered important to provide an enhanced modulus of 
elasticity to the gel. Factors controlling the 
elasticity modulus of a gel have been generally 
obscure except that a higher polymer concentration 
provides a higher elasticity modulus (but this results 
in a lower content of electrolytic solution in the 
polymer electrolyte and is thus not practical), and it 
has been reported that an increase in polymer 
molecular weight does not result in a change in 
elasticity modulus with respect to carrageenans gel 
by Rochas. C. et al, Carbohydrate Polymers, 12, 255 - 
2 66 (1990). In this way, as general guiding 
principles for enhancing the gel strength, none have 
been known except for relying on a higher polymer 
concentration. Accordingly, a practical polymer 
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electrolyte capable of being impregnated with a large 
amount of nonaqueous electrolytic solution and yet 
having an excellent strength, has not been known. 
[0006] 

Further, in the case of being impregnated 
with a large amount of nonaqueous electrolytic 
solution, it is necessary to stably retain the 
solution and prevent the solution from leaking out of 
the polymer electrolyte. If the nonaqueous 
electrolytic solution cannot be stably retained and a 
large amount of leakage thereof is caused, it becomes 
impossible to obviate damages and deterioration of 
electrical properties of apparatus and devices 
surrounding the battery. 
[0006] 
[0007] 

[Problems to be solved by the invention] 

The present invention aims at providing a 
polymer electrolyte capable of being impregnated with 
a large amount of nonaqueous electrolytic solution and 
stably retaining the electrolytic solution and yet 
exhibiting excellent strength, and further a 
nonaqueous battery having a large shape latitude by 
using the polymer electrolyte. 
[0008] 

[Means for solving the problems] 

According to the inventors* study for 
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accomplishing the above objects, it has been found 
very preferable to use a polymer electrolyte, 
comprising: a vinylidene fluoride copolymer and a 
nonaqueous electrolytic solution, wherein the 
vinylidene fluoride copolymer comprises 80 to 97 wt . % 
of vinylidene fluoride monomer units and 3 to 20 wt . % 
of units of at least one monomer copol.ymerizab.le with 
vinylidene fluoride monomer and has an inherent 
viscosity of 1.5 to 10 dl/g. Herein, "inherent 
viscosity" is used as a measure of polymer molecular 
weight and refers to a logarithmic viscosity number as 
o 

measured at 30 C of a solution formed by dissolving 
4 g of a polymer resin in 1 liter of N\ N-dime thy 1 form- 
amide . 
[0009] 

[Embodiments of the invention] 

The polymer electrolyte according to the 
present invention comprises a vinylidene fluoride 
copolymer and a nonaqueous electrolytic solution, 
wherein the vinylidene fluoride copolymer comprises 80 
to 97 wt . % of vinylidene fluoride monomer units and 3 
to 20 wt . % of units of one or plural species of 
monomer copolymer! zable with vinylidene fluoride 
monomer and has an inherent viscosity of 1.5 to 10 
dl/g, preferably 1.7 to 7 dl/g. 
[ 0010 ] 

As a polymer matrix capable of keeping 
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e lect rochemical stability while containing an 
electrolytic solution in a lithium nonaqueous 
secondary battery, it is possible to suitably use, 
e.g., a vinylidene f luor ide-hexaf luoropropy lene or a 
vinylidene f luoride- t ri fluorochio roe thy lene copolymer . 
If the content of the monomer other than vinylidene 
fluoride is below 3 wt . %, the content of the 
electrolytic solution cannot be increased, and if the 
vinylidene fluoride monomer content is below 80 wt. %, 
the liquid- retent ivi ty of the polymer electrolyte is 
lowered in the case of retaining a large amount of 
electrolytic solution, thus being liable to cause the 
exudation of the electrolytic solution, so that the 
vinylidene fluoride monomer unit content should be in 
the range of 80 wt . % to 97 wt. %. A ternary 
copolymer comprising hexaf luoropropy lene and 
t r i f luorochloroethy lene in a total amount of 3 - 20 
wt. % in addition to 80 - 97 wt. % of vinylidene 
fluoride, may also be preferably used. 
[0011 1 

Incidentally, U.S. Patent No. 5,296.318 has 
disclosed the use of a vinylidene fluoride copolymer 
having a relatively low vinylidene fluoride monomer 
unit content by including 8 - 25 wt . % of 
hexaf luoropropy lene so as to provide an increased 
impregnation content of nonaqueous electrolytic 
solution. In the present invention, however, even at 
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a higher vinylidene fluoride content of, e.g., 93 wt . 
%, a high impregnation content of nonaqueous 
electrolytic solution can be attained together with a 
remarkably improved retentivity of non-aqueous 
electrolytic solution (see Examples 1, 4, etc., 
described later). While the reason therefor is not 
clear as yet, the effect is understood as an effect 
accompanying an increased inherent viscosity of at 
least 1.5 dl/g, i.e., an increased molecular weight, 
of the copolymer (see Examples and Comparative 
Examples described later). 
[0012] 

If the poiymer has an inherent viscosity of 
below 1.5 dl/g, the resultant polymer electrolyte is 
caused to have a weak strength at a high electrolytic 
solution content region usable as a battery, and a 
short circuit between the positive and negative 
electrodes is caused when a thin battery is formed and 
folded, so that the polymer electrolyte is difficult 
to use from a viewpoint of dynamical strength. There 
is observed a tendency that a higher inherent 
viscosity of polymer results in a poiymer electrolyte 
exhibiting a higher strength, but above a certain 
inherent viscosity, the strength tends to be 
saturated. Moreover, an inherent viscosity in excess 
of 10 di/g results in a problem in respect of 
productivity of the vinylidene fluoride that it 
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becomes difficult to form a thick solution thereof in 

a volatile solvent. 

[0013] 

More specifically, a vinylidene fluoride 
copolymer comprising 80 - 97 vvt. % of vinylidene 
fluoride monomer units and 3 - 20 wt. % of one or 
plural species of monomer copolymerizable with 
vinylidene fluoride and having an inherent viscosity 
of 1.5 - 10 dl/g, allows easy formation of a gel film, 
which shows a good 1 iquid- re tent ivi ty and a large film 
strength even in a gel state containing an 
electrolytic solution in an amount as large as 300 wt. 
% of the polymer (i.e., an electrolytic solution 
content in the gel of 75 wt . %), so that it is 
suitably used in a nonaqueous battery comprising a 
polymer electrolyte. The polymer electrolyte 
according to the present invention can be used in a 
state of containing an electrolytic solution at a 
large content of ordinarily 50 wt. % to 85 wt . %. 
[0014 ] 

There is observed a tendency that a polymer 
electrolyte exhibits a higher lithium ionic 
conductivity at a higher electrolytic solution 
content. For example, the above-mentioned U.S. Patent 
No. 5,296,318 discloses that gels having electrolytic 
solution contents in the range of 20 wt. % - 70 wt. %, 
substantially 40 - 60 wt. %. show lithium ion 
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conductivities ranging from 10 S/cm to 10 S/cm. 
Accordingly, it is ensured that the polymer 

electrolyte gel according to the present invention 

capable of exhibiting a higher electrolytic solution 

content of 50 - 85 wt . % in the polymer electrolyte 

exhibits a level of ionic conductivity sufficient for 

function as an actual battery material. Particularly, 

the polymer electrolyte according to the present 

invention shows a sufficient gel strength in a state 

of containing an electrolytic solution in a proportion 

as high as 85 wt . % as shown in Examples described 

later. 

[0015] 

Examples of the monomer copo lymerizable with 
vinyl idene fluoride monomer may include: hydrocarbon 
monomers, such as ethylene and propylene; fluorine- 
containing monomers, such as vinyl fluoride, 
t r i f luoroe thy lene , t r i f luorochloroe thy lene , 
tet raf luoroethy lene , hexaf luorop ropy lene , and 
fluoroalkyl vinyl ether; carboxyl group-containing 
monomers, such as monomethyl maleate and monomethyl 
citraconate; and epoxy group-containing vinyl 
monomers, such as ally glycidyl ether and glycidyl 
crotonate, but these are not restrictive. It is 
however preferred to use vinyl idene fluoride 
copo 1 yme rs containing hex a f 1 no r op ropy lene and /or 
L r i f luoroe thy lene among the above. 
[ 00 1 6 ] 
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The nonaqueous electrolytic solution 
constituting the gel-form polymer electrolyte 
according to the present invention together with a 
matrix of the above-mentioned vinylidene fluoride 
copolymer may, for example, be obtained by dissolving 
an electrolyte, such as a lithium salt, in a 
proportion of 5 - 30 wt . parts in 100 wt. parts of a 
nonaqueous solvent (organic solvent). 
[0017] 

The electrolytes may for example include: 

LiPF , LiAsF , LiCIO , LiBF , LiCl , LiBr, LiCH SO , 
6 6 4 4 3 3 

LiCF SO , Li N ( CF SO ) and LiC(CF SO ) . The organic 
3 3 3 2 2 3 2 3 

solvent for the electrolyte may for example include: 

propylene carbonate, ethylene carbonate, 1,2- 
diethoxyethane , 1 , 2-diethoxye thane , dimethyl 
carbonate, methyl ethyl carbonate, j -buty lolac tone , 
methyl propionate, ethyl propionate, and solvent 
mixtures of these, but these are not restrictive. 
[0018] 

The polymer electrolyte according to the 
present invention may be formed from the above- 
mentioned vinylidene fluoride copolymer resin (or a 
mixture thereof with another resin) and nonaqueous 
electrolytic solution, e.g., in the following manner. 
First, an electrolyte is dissolved in an organic 
solvent to form an electrolytic solution in a manner 
as described above. Then, a vinylidene fluoride 
resin is dissolved in a volatile organic solvent to 
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form a solution, which is blended with the above 
nonaqueous electrolytic solution. Further, via a step 
of vaporizing the above-mentioned volatile organic 
solvent, a polymer electrolyte in the form of a film 
is obtained. The volatile organic solvent used in 
this instance may preferably be one which is readily 
volatile by having a high vapor pressure at a 
relatively low temperature and can well dissolve the 
vinylidene fluoride copolymer. Te trahydrof uran , 
methyltetrahydrofuran, acetone, methyl ethyl ketone, 
1.3-dioxan, eye lohexanone , etc., may be used, but 
these are not restrictive. 
[0019] 

Further, propylene carbonate, ethylene 
carbonate, dimethyl carbonate, etc., frequently used 
as an organic solvent for dissolving an electrolyte 
can per se be used as a solvent for the vinylidene 
fluoride copolymer, so that it is possible to form a 
polymer electrolyte without using a volatile organic 
solvent as described above. In this instance, it is 
possible to first dissolve a vinylidene fluoride 
copolymer in an organic solvent to form a soLution and 
then add an electrolyte thereto for further 
dissolution, or to dissolve a vinylidene fluoride 
copolymer and an electrolyte simultaneously in an 
organic solvent. The resultant solution containing 
the vinylidene fluoride copolymer and the electrolyte 
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is cooled to room temperature for gelation , thereby 
forming a film structure comprising a polymer 
electrolyte in the form of a film. 
[0020 ] 

A basic structure of a nonaqueous battery 
using a polymer electrolyte according to the present 
invention may be obtained as shown in a sectional view 
of Figure 1 by disposing a generally sheet- form 
polymer electrolyte in a sandwiched form between a 
pair of a positive electrode 2 (2a: e lee t roconduc t ive 
substrate, 2b: positive composite electrode layer) and 
a negative electrode 3 (3a: elect roconduct ive 
substrate, 3b: negative composite electrode layer). 
[0021 ] 

In the case of a lithium ion battery taken 
for example, the sheet-form polymer electrolyte 1 may 
preferably have a thickness of ca. 2 - 1000 pm , 
particularly ca. 10 - 200 p, and it is preferred to 
use a nonaqueous electrolytic solution for 
impregnation in a proportion of 10 - 1000 wt. parts, 
particularly 100 - 500 wt. parts, for 100 wt. parts of 
the vinylidene fluoride copolymer. 
[0022] 

Further, in order to provide an improved heat 
resistance, it is possible to crosslink the polymer 
electrolyte. As chemical cross linking means, it is 
suitable to apply a vulcanization method for 
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f luoroe las tomer obtained by copolymer i zat ion of 
vinylidene fluoride with another monomer. More 
specifically, the crosslinking may be performed by 
adding a polyamine, a polyol or a poly functional 
crosslinking agent, and a radical generating agent. 
[0023] 

Suitable examples of the polyamine used for 
chemical crosslinking may include di buty lamine . 
pi peri dine , die thy Icy c lohexy lamine , hexame thy lene - 
diamine, hexame thy lenedi amine carbamate, N , NT - 
dicinnami lidene- 1 , 6-hexaned i amine , and 4,4*- 
bis ( aminocyclohexy 1 ) me tacarbamate , but these are not 
res t rict ive . 
[0024 ] 

Suitable examples of the polyol may include 
2 , 2-bis( 4 -hydroxy phenyl ) propane , 2,2-bis(4- 
hydroxypheny 1 ) hexaf luoropropane . hydroquinone , and 
4 , 4 * -dihydroxydiphenylmethane , but these are not 
restrictive . 
[0025] 

Suitable examples of the poly functional, 
crosslinking agent having an unsaturated bond may 
include: d i v iny I benzene , ethylene glycol 
d I me thac ry 1 ate , t r ie t hy lene g 1 yco 1 dime thac ry late, 
te t rae thy lene g lyco 1 d Lme thac ry la te , 1 , 3- bu ty l ene 
glycol d i met hacry 1 a te ♦ propylene glycol 
d ime thac ry 1 ate , 1 , 4-butaned iol dime thac ry la te , 1,6- 
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hexanediol dimet hacry la te , neopentyl glycol 

dimethacry late , allyl methacry late , alLyl acrylate, 2- 

hydroxy- 1 , 3-d ime t hacry loxypro pane , bisphenol 

dimethacry la tes , alicyclic dimet hacry la tes , diacryl 

i socyanurate , t rime thy lol propane t rime t hacry late , 

triacryl formal , triacryl i socyanurate , triallyl 

1 socyanurate , aliphatic triacrylates, pentaerythritol 

tetramet hacry late , pent aery thr i tol tet raacry late , and 

aliphatic tet raacrylates , but these are not 

rest r i ct ive . 

[0026] 

As the radical generator, various organic 
peroxides may be used including, as suitable 
examples, dialkyl peroxides, such as di-t-butyl 
peroxide; diacyl peroxides, such as benzoyl peroxide; 
peroxyke tals , such as 2 , 5-dime thy 1 -di ( t- 
buty Iperoxy ) hexane ; and di -n- peroxydi car bona tes , but 
these are not restrictive. 
[0027] 

Further, in addition to the above-mentioned 
polyamine, polyol , polymer i zab le crosslinking agent 
and radical generator, it is also possible to add, as 
a vulcanization accelerator, a compound which promotes 
the defluorination of vinylidene fluoride but per se 
is not readily added. Examples of the vulcanization 
accelerator may include organic phosphonium salts and 

+ - 

quaternary ammonium salts represented by R P X and 

4 
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R N X . 
4 

As another method of crossl inking the polymer 
electrolyte, the? irradiation with electron beam or 
7 -rays may suitably be adopted for introducing the 
crosslinking structure. The radiation dose in this 
instance may suitably be on the order of 10 - 500 kGy . 
In order to enhance the radiation crosslinking effect, 
it is also suitable to add a polymerizable 
crosslinking agent having an unsaturated bond as 
mentioned above in the solid polymer electrolyte in 
advance . 
[0029] 

The positive electrode 2 and the negative 
electrode 3 may be obtained by forming a positive 
composite electrode layer 2b and a negative composite 
electrode layer 3b in thicknesses of, e.g., 10 - 1000 
pm on, e.g., one surface each of elect roconduct ive 
substrates 2a and 3a comprising a metal foil -or metal 
net comprising iron, stainless steel, copper, 
aluminum, nickel, titanium, etc. in thicknesses of 5 - 
100 pm , e.g., 5 - 2 0 pm in case of small-sized 
dev i ces . 
[ 0030 | 

The positive composite electrode layer 2b and 
3b may for example be obtained by applying and drying 
an electrode- Forming slurry composition formed, e . g , , 
by dispersing 1 - 20 wt . parts of powdery electrode 
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materials (positive or negative electrode active 
substance, and optionally added elect roconductivi ty 
imparting agent and other additives) in 100 wt . parts 
of a solution of a vinylidene fluoride copolymer in 
general inclusive of the above-mentioned vinylidene 
fluoride copolymer and an electrolytic solution in a 
volatile organic solvent. 
[0031 ] 

Preferred active substances for lithium ion 

secondary batteries may include: for positive 

electrodes, complex metal chalogenides represented by 

a general formula of LiMY (wherein M denotes at least 

2 

one species of transition metals, such as Co, Ni , Fe , 

Mn, Cr and V; and Y denotes a chalcogen such as O or 

S), particularly complex metal oxides as represented 

by LiNi Co O (0 < x < 1) and complex metal oxides 
x 1-x 2 

having a spinel structure, such as LiMn O . 

2 4 

[0032] 

Active substances for negative electrodes may 

include: carbonaceous materials, such as graphite, 

activated carbon, calcined and carbonized products of 

phenolic resin and pitch, and coconut shell-based 

activated carbon, and metal oxides, such as GeO, GeO , 

2 

SnO, SnO , PbO , PbO , SiO, SiO , etc., and complex 
2 2 2 

metal oxides of these* 

[0033] 

The thus-formed laminated sheet-form battery 
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structure shown in Figure 1 may be , as desired, 
further laminated as by winding or folding to provide 
an increased electrode area per unit volume, and 
subjected to a treatment, such as enclosure within a 
relatively simple container and formation of lead 
electrodes, to provide a non-aqueous battery having an 
entire structure of, e.g., a rectangle, a cylinder, a 
coin or a paper-sheet. 
[0034 ] 
[ Examples ] 

Hereinbelow, the present invention will be 
described more specifically with reference to Examples 
and Comparative Examples. 
[0035] 

(Preparation of vinylidene fluoride copolymers) 
(Polymer Preparation Example 1) 

Into an autoclave having an inner volume of 2 
liters, 1075 g of deionized water, 0.42 g of methyl 
cellulose, 2.9 g of diisopropyl peroxydicarbona te , 378 
g of vinylidene fluoride and 42 g of 

hexaf luoropropy lene were charged and subjected to 10 

o 

hours of suspension polymerization at 29 C. After 
completion of the polymerization, the polymerization 

slurry was dewatered, washed with water and dried at 

o 

80 C for 20 hours to obtain a polymer powder. The 
polymerization yield was 89 wt. %, and the resultant 

polymer showed an inherent viscosity of 1.7 dl/g. As 
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19 

a result of F-NMR analysis, the polymer exhibited a 
weight ratio of vinylidene fluoride to 

hexaf luoropropy lene of 93:7. 

[0036] 

(Polymer Preparation Example 2) 

Into an autoclave having an inner volume of 2 
liters, 1036 g of deionized water, 0.40 g of methyl 
cellulose, 2.8 g of diisopropyl peroxyd i carbonate , 376 
g of vinylidene fluoride and 4 g of 

trichlorof luoroe thy lene were charged and subjected to 

o 

16 hours of suspension polymerization at 28 C while 
adding 20 g of t ri f luorochloroethy lene in division of 

1 g each at every 30 minutes from 2 hours after the 

start of the polymerization. After completion of the 

polymerization, the polymerization slurry was 

o 

dewatered, washed with water and dried at 80 C for 20 
hours to obtain a polymer powder. The polymerization 

yield was 86 wt. %, and the resultant polymer showed 

an inherent viscosity of 1,8 dl/g. As a result of 

19 

F-NMR analysis, the polymer exhibited a weight ratio 
of vinylidene fluoride to trif luorochloroethy lene of 

95: 5. 

[0037] 

(Polymer Preparation Example 3) 

Into an autoclave having an inner volume of 2 
liters, 1075 g of deionized water, 0.42 g of methyl 
cellulose, 2.9 g of diisopropyl peroxyd i ea rbonate , 365 
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g of vinyl i dene fluoride, 30 g of hexaf luoropropy lene 
and 25 g of t ri f luorochloroethy lene were charged and 
subjected to 1.1 hours of suspension polymerization at 
o 

29 C. After completion of the polymerization, the 
polymerization slurry was dewatered, washed with water 

o 

and dried at 80 c for 20 hours to obtain a polymer 
powder. The polymerization yield was 90 wt. %, and 

the resultant polymer showed an inherent viscosity of 

19 

1.8 dl/g. As a result of F-NMR analysis, the 
polymer exhibited weight ratios of vinylidene fluoride 

to hexaf 1 uoropropy lene to t ri f luorochloroethylene of 

90 : 5: 5. 

[0038 ] 

( Example 1 ) 

10 g of the polymer obtained in Polymer 

Preparation Example 1 and 100 g of a mixture solution 

of ethylene carbonate, propylene carbonate and 

tet rahydrof uran (in mixing weight ratios of 15:15:70) 

were blended to form a solution. The solution was 

cast, and the tet rahydrofuran was removed therefrom by 

air drying to form a ca . 80 pm- thick gel-form film 

containing the ethylene carbonate and propylene 

carbonate at ca. 75 wt . %. (As a result of weighing 

of the resultant gel-form film, a weight loss 

corresponding to the used tet rahydrofuran was 

eonf i rmed . ) 

[ 0039 ] 
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According to ASTM D882, a test piece was cut 
out from the gel-form film in a test length of 20 mm 
and a test width of 10 mm and subjected to measurement 
of a tensile strength at a tensile speed of 100 
mm/mi n. by using TENSILON UTM-III-100 (made by TOYO 
BALDWIN K.K.). whereby a value of 2.54 MPa was 
obtained . 
[0040 ] 
( Example 2 ) 

A ca. 100 pm-thick gel-form film containing 
ca. 75 wt . % of ethylene carbonate and propylene 
carbonate was obtained in the same manner as in 
Example 1 except for using the polymer obtained in 
Polymer Preparation Example 2. As a result of 
weighing of the gel-form film, a weight loss 
corresponding to the used te t rahydrofuran was 
conf i rmed . 
[0041 ] 

As a result of a tensile strength measurement 
of the gel -form film in the same manner as in Example 
1, a value of 2.01 MPa was obtained. 
[0042] 
(Example 3) 

A ca. 100 pm-thick gel-form film containing 
ca. 75 wt. % of ethylene carbonate and propylene 
carbonate was obtained in the same manner as in 
Example 1 except for using the polymer obtained in 
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Polymer Preparation Example 3. As a result of 
weighing of the gel-form film, a weight loss 
corresponding to the used te t rahydrof uran was 
confirmed . 
[0043] 

As a result of a tensile strength measurement 
of the gel -form film in the same manner as in Example 
1, a value of 1.54 MPa was obtained. 
[0044] 

(Comparative Example 1) 

A ca. 100 pm-thick gel-form film containing 
ca. 75 wt. % of ethylene carbonate and propylene 
carbonate was obtained in the same manner as in 
Example 1 except for using as the polymer " KYNAR 2801 " 
( a vinylidene f luoride/hexaf luoropropy lene 
copolymer ; a v iny 1 idene f luor ide/hexa f luoropropy lene 
nominal weight ratio = 88/12. According to the 
inventors ' measurement , vinylidene 

f luoride/hexaf luoropropy lene weight ratio = 90/10 
based on NMR analysis and inherent viscosity = 1.2 
dl/g). As a result of weighing of the gel-form film, 
a weight loss corresponding to the used 
te t rahyd ro f u ran was confirmed. 
[0045] 

As a result of a tensile strength measurement 
of the gel -form film in the same manner as in Example 
1, only a weak strength of 0.76 MPa was obtained. 
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[ 0046 J 
(Example 4) 

In a nitrogen atmosphere having a dew point 
o 

of below -70 C, 10 g of the polymer obtained in 
Polymer Preparation Example 1 and 5 g of LiPF were 

6 

blended with 100 g of a solution mixture of ethylene 
carbonate, propylene carbonate and te t rahydrof uran (in 
mixing wt. ratios of 15:15:70) to form a solution. 
The solution was cast, and the te t rahydrofuran was 
removed by air drying to form a ca. 80 pm-thick gel- 
form polymer electrolyte film. As a result of 
weighing of the resultant gel-form polymer electrolyte 
film, a weight loss corresponding to the used 
te trahydrofuran was confirmed. 
[0047] 

The gel-form polymer electrolyte exhibited 
little exudation of the electrolytic solution and was 
found to be soft, stretchable and strong as a result 
of pulling by hands. A test piece of 50 mm x 50 mm 
was cut out from the gel- form polymer electrolyte film 

o 

and, after weighing, stored for 2 weeks at -18 C, 
followed by restoration to room temperature, light 

wiping of the film surface to remove the electrolytic 

solution at the film surface and weighing to determine 

a percentage weight loss due to exudation for 

evaluating the e 1 ec t ro 1 y t i c sol u t i on- re ten t i vi ty . 

Herein, the percentage weight loss is given by 
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( (weight before storage - weight after 

storage)/(weight before storage)) x 100, and a smaller 
value indicates a stabler electrolytic solution- 
retentivity with time. The percentage weight loss was 
a small value of 0.38 %, thus indicating an excellent 
electrolytic solution-retentivity. 
[0048] 
(Example 5) 

A ca . 80 pm-thick gel-form polymer 
electrolyte film was prepared in the same manner as in 
Example 4 except for using the polymer prepared in 
Polymer Preparation Example 2. As a result of 
evaluation of electrolytic solution-retentivity of the 
gel film in the same manner as in Example 3 t the 
percentage weight loss due to exudation was as small 
as 0,11 %, thus indicating an excellent electrolytic 
solution-retentivity. 
[0049] 
(Example 6) 

A ca. 80 pm-thick gel-form polymer 
electrolyte film was prepared in the same manner as in 
Example 1 except for using the polymer prepared in 
Polymer Preparation Example 3. As a result of 
evaluation of electrolytic solution-retentivity of the 
gel film in the same manner as in Example 4, the 
percentage weight loss due to exudation was as small 
as 0.49 %, thus indicating an excellent electrolytic 
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so lu t ion- re ten t ivi ty . 
[0050] 

(Comparative Example 2) 

A ca. 80 jim-thick gel-form polymer 
electrolyte film was prepared in the same manner as in 
Example 4 except for using as the polymer " KYNAR 2801" 
( vinyl i dene f 1 uor i de/hexaf luoropropy lene weight rat io 
= 88/12, inherent viscosity 1.2 dl/g). As a result of 
weighing of the resultant gel-form polymer electrolyte 
film, a weight loss corresponding to the used 
tetrahydrofuran was confirmed. 
[0051] 

The gel-form polymer electrolyte film 
exhibited exudation of the electrolytic solution and a 
clearly inferior strength than those of Examples 3 and 
4. Further, as a result of evaluation of electrolytic 
solution-retentivi ty in the same manner as in Example 
4, the percentage weight loss due to exudation was as 
large as 1.50 %, thus indicating an inferior 
el ec t roly t ic solu t i on- re tent ivi ty . 
[0052] 
(Example 7) 

10 g of the polymer obtained in Polymer 
Preparation Example 3 was dissolved in 90 g of 
tetrahydrofuran. and 0.5 g of hexamethy lenedlami ne as 
a crossl inking agent and 0.5 g of carbon black as an 
accelerator were added thereto to prepare a first 
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solution. Then, 4.5 g of Li PF was dissolved in 3 ml 

6 

of a mixture solution of propylene carbonate and 
ethylene carbonate in a volume ratio of 1:1 to prepare 
a second solution. The first solution and the second 
solution were blended and well stirred for 12 hours at 
o 

50 C t followed by casting onto a glass sheet and 
removal of the tet rahydrofuran by air drying to obtain 

a gel-form polymer electrolyte film. As a result of 

weighing of the resultant ca. 80 pm-thick gel film, a 

weight loss corresponding to the used tet rahydrofuran 

was confirmed. 

[0053] 

As a result of tensile strength measurement 
of the gel-form film in the same manner as in Example 
1. a value of 3.61 MPa was obtained. 
[0054 ] 

Then, as a heat resistance test, the gel- form 
film was hermetically sealed up in a glass bottle and 

o 

heated for 1 hour within an oven at 100 c, followed 
by taking out and cooling to room temperature. The 

gel-form film after the cooling retained its original 

shape without melting during the heating. 

I 0055] 

(Example 8) 

In a nitrogen atmosphere having a dew point 
o 

of below -70 C, 10 g of the polymer prepared in 
Polymer Preparation Example 1 and 5 g of Li PF were 

6 
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dissolved in 100 g of a mixture solution of propylene 
carbonate, ethylene carbonate and dimethyl carbonate 
(in mixing wt. ratios of 15:15:70) to form a first 
solution. On the other hand, 7 g of poly viny 1 idene 
fluoride ("KF#1300". made by Kureha Kagaku K.K.; 
inherent viscosity = 1.30 dl/g) was mixed with 85 g of 

LiCoO , 8 g of elect roconduct ive carbon black and 60 g 

2 

of N-methy 1 - 2- py r ro 1 idone , and the resultant slurry 
was applied on a 10 pm-thick aluminum foil, followed 
by vaporization removal of the N-me thy 1-2-pyrrolidone 
to form a ca . 110 pm-thick dry electrode (positive 
electrode). Further, 10 g of polyvinylidene fluoride 
("#9100" , made by Kureha Kagaku K.K.; inherent 
viscosity = 1.10 dl/g) was mixed with 90 g of a pitch- 
based porous carbonaceous material and 90 g of N- 
methyl-2-pyrrol idone , and the resultant slurry was 
applied onto a 10 pm-thick copper foil, followed by 
vaporization removal of the N-met hyl- 2-pyrrol idone to 
form a ca. 105 pm-thick dry electrode (negative 
e lect rode ) . 
[0056] 

Then, the first solution was divided into 
equal halves which were then separately applied onto 
the active substances of the positive electrode and 
the negative electrode, followed by air drying to 
cause evapora t ion-o f f of ca. 60 g of the dimethyl 
carbonate having a lower boiling point and form a gel- 
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form polymer electrolyte layer on the positive and 
negative electrodes. The positive electrode and the 
negative electrode each coated with the gel layer were 
laminated with their gel layers Inside by a double 
roller laminator, thereby forming a paper-form battery 
having a total thickness of ca . 0.7 mm including a 
battery case. 
[0057] 

The paper-form battery was bent at 90 deg . 
and, in the bent state, subjected to a charging 
operation according to a constant current-constant 
voltage charging method wherein the battery was first 

2 

charged at a current density of 1.8 mA/cm up to a 
battery voltage of 4.2 volts and then held at a 

constant voltage of 4.2 volts within a total changing 

time not exceeding 3.5 hours, followed by a 

discharging operation according to a constant current 

discharging method wherein the battery was discharged 

2 

at a current density of 1.8 mA/cm down to a final 
voltage of 2.5 volts. In the first cycle, the battery 

exhibited a charging capacity of 332 mAh/g (carbon 

material) and a discharge capacity of 287 mAh/g 

(carbon material). On further repetition of the 

charge-discharge cycles, the discharge capacity at 

20th-cycle was 97 % of the capacity at the first 

cycle. During the cycles, the charge-discharge 

operations were smoothly performed without causing 
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liquid leakage. 
[0058] 

(Comparative Example 3) 

A paper-form battery was prepared in the 
same manner as in Example 8 except for using as the 
polymer "KYNAR 2801" (vinylidene f 1 uor ide/hexaf luoro- 
propylene weight ratio = 88/12, inherent viscosity = 
1.2). The same charge-discharge test in a bent state 
at 90 deg. as in Example 8 was tried to be applied to 
the battery, whereas a short circuit between the 
positive and negative electrodes was caused presumably 
due to breakage of the gel electrolyte layer so that 
the charging was failed. 
[0059] 

[Effect of the invention] 

As is clear from the above Examples and 
Comparative Examples, according to the present 
invention, it is possible to obtain a polymer 
electrolyte present in a state of containing much 
nonaqueous electrolytic solution and exhibiting an 
excellent strength in this state by using a vinylidene 
fluoride copolymer having a high vinylidene fluoride 
content and a high inherent viscosity. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

Figure 1 is a sectional view in a thickness- 
wise direction of a nonaqueous battery using a polymer 
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electrolyte according to the present invention. 
[ Symbo 1 s ] 

1: sheet-form polymer electrolyte, 

2: positive electrode, 

2a: e lec t roconduct ive substrate, 

2b: positive electrode composite laye 

3: negative electrode, 

3a: electroconduct ive substrate, 

3b: negative electrode composite laye 
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[ DOCUMENT ] 

ABSTRACT 

[ Abst ract ] 
[ Problem ] 

To provide a polymer electrolyte suitable for 
providing a non-aqueous battery, such as a lithium ion 
battery, by stably retaining the nonaqueous 
electrolytic solution in a large amount and having 
excellent strength in this state. 
[Solution means] 

A polymer electrolyte comprising: a vinylidene 
fluoride copolymer comprising 90 to 97 wt , % of 
vinylidene fluoride monomer units and 3 to 10 wt. % of 
units of at least one monomer copolymer izab le with the 
vinylidene fluoride monomer and having an inherent 
viscosity of 1.5 to 10 dl/g, and a non-aqueous 
electrolytic solution. 
[Selected figure] Figure 1. 
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